Low positive affect (PA) is likely to contribute to risk of relapse; however, it has received relatively little attention in clinical research. This study examined the associations among positive affect, negative affect (NA), and craving in medically withdrawn patients using ecological momentary assessment (EMA). Participants (n = 73) provided reports of their PA, NA, and craving 4 times a day for an average of 10.47 (SD = 3.80) days. Person-and day-level associations between PA, NA, and craving were examined using multilevel models. A significant interaction emerged between person-and day-level PA such that PA on the day level was negatively associated with craving for individuals experiencing low mean PA throughout the study. No significant interaction emerged between person-and day-level NA. The main effects for both person-and day-level NA were significant. Individuals experiencing high NA throughout the study experienced higher craving overall and on days when NA was higher than usual, craving was also higher. Results suggest that high person-and day-level NA may directly contribute to the risk for relapse via increased craving, whereas low day-level PA may contribute to risk for relapse among individuals exhibiting low person-level PA via increased craving on days with lower than average levels of PA for those individuals. Given that there is a paucity of research relating low PA to craving, continued investigation into how and when low PA creates risk for relapse is warranted.
Introduction
Prescription opiate dependence is a serious problem in the United States, with approximately 1.9 million people suffering from substance use disorders associated with opioid analgesics (SAMHSA, 2013) . Treatment admissions for the primary abuse of opiates other than heroin have increased from one percent of all admissions in 1997 in , to 10% in 2012 in (SAMHSA, 2014 . In addition, there is growing evidence that a relationship exists between prescription opiate dependence and subsequent heroin abuse, further exacerbating the opioid epidemic (SAMHSA, 2013) . Prescription opiate dependence, like dependence on other drugs of abuse, is Abbreviations: PODP, prescription opiate dependent patients; RW, recently withdrawn; EC, extended care.
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a disorder of chronic relapse; as such, there is a pressing need to address factors that identify and attenuate the risk of relapse (O'Brien et al., 1998; Tkacz et al., 2012) . The primary purpose of the current study was to investigate the relationship between a relatively understudied construct, low positive affect (PA), and craving in a sample of prescription opiate dependent patients in residential treatment. Ecological momentary assessment (EMA) data were used to predict craving from both person-levels and day-levels of PA, as well as their interaction. The associations between negative affect (NA) and craving were also examined to evaluate potential differences in the relationship of NA to craving relative to PA, as well as to ensure that the results for PA and craving were independent of levels of NA. Deficits in the experience and expression of emotion have been linked to substance use disorders (SUDs) even in the absence of affective psychopathology, emphasizing the need to better understand the role of affect in SUDs (Cheetham et al., 2010; Goldstein and Volkow, 2011) . Such research may help clarify how risk is conferred, and how addictive behaviors are maintained, thereby facilitating better treatments and attenuating relapse (Cheetham et al., 2010) . Dysregulated affect, including anhedonia, irritability, anxiety, and dysphoric mood, as well as increased reactivity to stress and craving, are common symptoms of the abstinence symptomatology observed in post-withdrawal state from opiates (Koob and LeMoal, 2001; Martin et al., 1973) . Similar abstinence symptomatology has been described in alcohol, cocaine, cannabis, stimulants, (Bovasso, 2001; Gawin and Ellinwood, 1988; Gawin and Kleber, 1986; Heinz et al., 1994; Miller et al., 1993) , and polysubstance abuse (Martinotti et al., 2009) . These symptoms are thought to increase vulnerability to relapse in the early stages of abstinence and beyond, into the phase of protracted withdrawal (Heilig et al., 2010) . Little is known, however, about the role of low PA as it relates to craving and relapse in the early stages of prescription opiate dependence. This lack of knowledge stems from fewer studies that evaluate the role of low PA as it contributes to craving and relapse in early abstinence, relative to studies that examine the role of NA (Cheetham et al., 2010) .
One reason that low PA may have been overlooked is that many investigators (tacitly) ascribe to a circumplex model of affective space; within this model PA and NA are conceptualized as opposite ends of a continuum, rather than as independent neural systems with separate neurophysiological underpinnings (Ameringer and Leventhal, 2010; Bujarski et al., 2015) . As such, many investigators focus on NA and stress response systems to the exclusion of the PA system. Indeed, NA, or dysphoria, is regularly cited as a persistent symptom of withdrawal from opiates that contributes to risk of relapse (Nestler, 2001; De Vries and Shippenberg, 2002; Epstein et al., 2009; Moore et al., 2013) . However, there is considerable evidence that NA and PA are indeed relatively independent, and may function together or independently (Cacioppo and Berntson, 1994; Cacioppo et al., 1999; Norman et al., 2011) .
Recent research suggests that low PA, independent of NA, may be associated with increased craving, putting patients at greater risk for relapse. A recent study using inventory measures of affect and craving found that PA moderated the association between stress and NA such that individuals with higher levels of PA exhibited a weaker associations between stress and NA in treatment-seeking alcohol-dependent outpatients (McHugh et al., 2013) . Importantly, however, PA was negatively associated with alcohol craving. Short term increases in PA have also been associated with a decreased risk for smoking lapse, suggesting PA may play a protective role in early nicotine abstinence (Ferguson et al., 2006) . Bujarski et al. (2015) also found that PA was negatively correlated with craving, whereas the level of withdrawal/NA was positively associated with craving. However, the temporal dynamics were different, demonstrating the independent role of PA in nicotine abstinence over and above that of NA.
Similar results have been found with regards to a related construct, anhedonia. Defined as the impaired capacity to experience pleasure, or the inability to experience pleasure in response to rewarding stimuli (Snaith, 1993) , anhedonia can be conceptualized as either a state symptom or a personality trait. As a trait, anhedonia varies widely in the population, lies on a continuum, and can be distinguished psychometrically from similar constructs such as sadness, flattened affect, and avolition (Leventhal et al., 2006; Loas et al., 2008 Loas et al., , 1994 . Anhedonia has frequently been described in substance dependent populations, especially as part of the abstinence syndrome (Hatzigiakoumis et al., 2011) . Although it plays a critical role in theoretical models of relapse (e.g., Koob and Le Moal, 2001; Volkow et al., 2002) , several investigators describe anhedonia as underrepresented in the literature (Garfield et al., 2014; Hatzigiakoumis et al., 2011; Martinotti et al., 2012; Sussman and Leventhal, 2014) . Consistent with the findings with regard to low PA, Janiri et al. (2005) demonstrated that craving was positively associated with anhedonia levels in an opiate-dependent patient population, whereas craving was negatively associated with hedonic capability. Anhedonia has also been shown to have a positive correlation with craving in recently withdrawn alcohol-dependent (Martinotti et al., 2008a,b) , opioid-dependent patients (Martinotti et al., 2008a) , and recently abstinent tobacco smokers (Cook et al., 2004; Leventhal et al., 2009) . Although low PA and anhedonia are empirically related when each is measured with a trait-style questionnaire (Pearson's correlations ranging from .20 to .43; Cook et al., 2007; Franken et al., 2007; Leventhal et al., 2009 ), they are not identical constructs (Ameringer and Leventhal, 2010) . Whereas an individual with low PA may have a sustained period of boredom, disinterest, and attenuated pleasure, they are able to experience pleasure in response to a rewarding stimulus should they encounter one in their environment. The anhedonic individual, in contrast, does not experience pleasure or experiences significantly attenuated pleasure in response to putatively rewarding stimuli. Whereas there may be overlap between these two constructs, there is good reason to study low PA versus the trait of anhedonia.
The current study investigated associations between daily levels of craving-perhaps the most proximate intrapersonal state trigger for relapse-and both the person-level and day-level means of PA and NA. This level of analysis was motivated, in part, by the observation that individuals have been shown to have difficulty accurately evaluating the intensity of their own emotional ratings across time Kahnemann et al., 1993; Redelmeier and Kahnemann, 1996) . Research suggests that retrospective evaluations of affective experiences appear to be determined by a weighted average of the actual affective experiences. For example, Thomas and Diener (1990) have shown that, when asked to recall emotional intensity across a time span (e.g., 3-6 weeks), people tend to overestimate their emotional intensity relative to their actual daily ratings, and underestimate the frequency of their positive affect vs. their negative affect. Consequently, trait ratings of emotional intensity (e.g., like those used in questionnaire measures of anhedonia), are more likely to reflect the influence of the individual's overall conceptualization of who they think they are, rather than their actual daily experiences of mood (Pennebaker, J.W., personal communication, April, 2000) . Whereas trait ratings have important predictive validity, accurate assessment of mood states are expected to provide additional insights into the relationship between low PA, NA and craving.
EMA serves as a more accurate method for participants to report their subjective experiences (Freedman et al., 2006) . During EMA, participants take a brief survey several times a day to capture total mood, diurnal changes in mood, and changes in mood over an extended period of time. The use of EMA provides a robust assessment of PA that can help reduce the systematic influences stemming from participant response bias, in part by measuring the events close in time to the actual moods (Moskowitz and Young, 2006) . Summing across these multiple assessments also provides increased reliability relative to single time-point or retrospective reports (Bolger and Laurenceau, 2013) . As such, EMA is expected to add to our understanding of the relationship between low PA and craving Beyond EMA's methodological capacity to increase reliability by collecting data on emotional states and experiences closer to the time when they are experienced, EMA provides data that can allow analyses to consider the within-person nature of the interrelationships between causes and effects. In the current study, analyses leveraged within-person assessments of affective states and craving to evaluate both within-day associations between craving and affect, as well as to evaluate how person-level averages (i.e., a given person's average level) of positive and negative affect interact with day-levels (i.e., that person's level on a given day) of these same affective states to influence daily experiences of craving. For example, if an individual typically reports low PA on a consistent basis, how do they rate their craving on days when they report lower than typical PA?
This research was designed to increase our understanding of the within-person and within-day associations between low levels of PA and drug craving early in the recovery process following withdrawal from prescription opiates. The current analyses utilized data collected from recovering prescription opiate dependent patients (PODPs) in a clinical residential setting. To examine affective influences on cravings in the early stages of recovery, we recruited recently withdrawn (RW) PODPs (10-14 days postmedically assisted withdrawal) residing in a clinical residential setting, and collected EMA data over the course of 12 days.
The within-person data provided by EMA collections allow investigation of novel research questions regarding the interplay between person-levels and day-levels of PA and NA as they contribute both directly and interactively to day-levels of reported cravings. Several hypotheses guided our investigation. Although prior research provides support for hypothesized main effects of both person-level and day level main effects of affective states on cravings, the proposed interactions between person-and daylevels as they contribute to cravings were more exploratory. Hypotheses are as follows: (1a) Person-level averages of PA will be negatively associated with cravings. (1b) Day-level PA will be negatively related to same-day cravings. (1c) Moreover, person-level averages of PA will moderate within-day associations between day-level PA and sameday cravings, whereby lower within-person levels of PA will be most strongly linked to cravings among participants with lower mean levels of PA.
(2a) Person-level averages of NA will be positively associated with cravings. (2b) Day-level NA will be positive related to sameday cravings. (2c) Similar to what we expect for PA, we expect that person-level averages of NA will moderate within-day associations between day-level NA and same-day cravings, whereby higher within-person levels of NA with be most strongly linked to cravings among those participants with higher mean levels of NA.
Materials and methods

Participants
Participants (n = 73; 30% female) were recruited at the Caron Treatment Center, a residential drug and alcohol treatment facility in Wernersville, Pennsylvania. All participants provided written informed consent after a full explanation of procedures, per the protocol endorsed by the Pennsylvania State University College of Medicine Internal Review Board. Participants ranged in age from 19 to 56 (M = 29, Range = 19-56). For the present analyses, data were available for 764 total days across 73 participants, with a mean of 10.47 (SD = 3.80, Range = 1-19) days. PODPs had completed medically assisted withdrawal at Caron 10-14 days prior to the beginning of data collection (see Table 1 for demographics). Patient inclusion criteria were as follows: (1) capable and willing to comply with the research protocol; (2) met criteria for opioid dependence {Diagnostic and Statistical Manual for Mental Health Disorders-Fourth Edition-Text Revision (DSM-IV-TR; as determined by clinical staff at the Caron Foundation, the Structured Clinical Interview for Diagnosis, DSM-IV-TR (SCID; First et al., 2002) , and Form-90D (Westerberg et al., 1998) }; (3) prescription opioids were the primary drug of choice; (4) over the age of 18; and (5) staying in residential treatment for at least 30 days. Exclusion criteria included (1) any history of serious mental illness (bipolar disorder or schizophrenia) or psychosis, as diagnosed by the SCID; (2) intravenous heroin use; (3) history of traumatic brain injury; (4) current use of any opiate agonist (methadone or buprenorphine) or antagonist (Naltrexone).
EMA data collection
Participants were equipped with smart phones programmed to administer a mood/craving survey 4 times daily. For 12 consecutive days, a preset alarm notified participants to complete surveys at morning, noon, mid-afternoon and evening times that did not conflict with their treatment program. Real time data were streamed to a secure server at the University campus to monitor compliance and data quality. Surveys took approximately 2-3 min each to complete. Research staff also used brief, in-person meetings to build rapport, answer participant questions, and manage any technical difficulties.
Measures
Craving
Frequency of drug craving was measured four times daily as responses to the question "Since last data entry, how FREQUENT are your drug CRAVINGS?" on a 100-point touch point continuum, with anchors at "No Cravings" to "Very Frequent" (numbers were not visible to participants). Intensity of drug craving was measured four times daily as responses to the question "Since last data entry, how INTENSE are your drug CRAVINGS?" also on a 100-touch point continuum with anchors at "No Cravings" to "Very Intense." For morning assessments, the stem for each item took the form of "Since waking" rather than "Since last data entry". The product of the frequency and intensity of drug craving was created for each individual at each time point, and an average daily craving score was created for each participant for each day of the study from this product. The mean level of craving reported by participants was 1542.58 (SD = 2318.68, Range = 0-10000).
Positive Affect
PA was measured 4 times per day using the sum of 8 items: "warmhearted", "joyful", "enthusiastic", "happy", "affectionate", "loving", "relaxed", "calm". An average daily PA score was created for each participant for each day of the study. Participants reported a mean PA level of 51.88 (SD = 18.95, Range = 0-99.81).
Negative Affect
NA was measured 4 times per day using the sum of 8 items: "angry", "irritable", "lonely", "sad", "guilty", "ashamed", "anxious", and "stressed". Daily NA score was created for each participant for each day of the study. Participants reported a mean level of NA of 41.01 (SD = 20.13, Range = 0-88.55).
EMA mood adjective factor analysis
A principal factor analysis (FA) using promax rotation was conducted to confirm the factor structure of the daily average mood items. Two eigenvalues exceeded 1.00 (both values >4.00) and accounted for 92.78% of the standardized variance. A scree plot confirmed the presence of two factors, with a flat slope thereafter. Two factors were thus retained and a promax rotation yielded high loadings on (≥0.70) on both factors (see Table 1 ). Eight items loaded on factor 1 (labeled PA) and eight items loaded on factor 2 (labeled NA). All cross-loadings were low (≤0.18) and all but two were less than or equal to 0.10. The standardized Chronbach's alphas for the two factors (PA and NA) were 0.95 and 0.93, respectively. The correlation between the factors was −0.13.
Covariates
Gender and age were obtained from an initial demographics questionnaire.
Statistical analysis
The intensive repeated measures data (764 days nested within 73 persons) were analyzed using multilevel models (Snijders and Bosker, 2012 ) that were parameterized to separate day-level and person-level associations between affect and craving (Bolger and Laurenceau, 2013) . Person-level variables for PA and NA were calculated as the arithmetic mean across each participant's repeated measures and represent each participant's average PA and average NA (i.e., their person-level means) across the study. Day-level variables were calculated as deviations from these person-level means. Age, gender, and time were sample-mean centered.
Models for the association between PA and NA and craving, as well as covariates, were constructed as Craving it = ˇ0 + B 1i Day sPA it + ˇ2 i Day sNA it + ˇ3 i Time it + e it where craving it is the reported craving for person i on day t; ˇ0 i indicates the expected level of craving on a day in the middle of the study when PA and NA are at their mean level for the typical individual; ˇ1 i and ˇ2 i indicate differences in craving associated with the day-level PA and NA variables, respectively; ˇ3 i indicates the effect of day in the study on craving in order to account for time as a third variable (Bolger and Laurenceau, 2013) ; and e it are day-specific residuals that were allowed to autocorrelate (AR1).
Person-specific intercepts and associations from the Level 1 model were specified at Level 2 aš where the s are sample-level parameters and the us are residual between-person differences that may be correlated, but are Note: GAD = generalized anxiety disorder; SSRI = selective-serotonin reuptake inhibitor; SNRI = selective-norepinephrine reuptake inhibitor.
Table 3
Results of the multilevel models examining associations between positive and negative affect and craving. indicate how between-person differences in the day-level association of day's PA and day's NA, respectively, with craving were moderated by person-level mean PA and person-level mean NA, respectively. All models were fit using SAS Proc Mixed, with incomplete data treated using missing at random assumptions. Significant interactions were followed-up using the Johnson-Neyman technique (Bauer and Curran, 2005; Johnson and Neyman, 1936) using software available online (www.quantpsy.org/interact/hlm2.htm). Statistical significance was evaluated at ˛ = .05. Table 2 describes the demographics, psychiatric comorbidity, addiction history, and concurrent medication use of the participants.
Results
Participant demographics
Associations between PA and craving
Results of the multilevel model are presented in Table 3 . The person-level association between mean PA and craving was not significant ( 01 = 5.41, p = 0.65). The day-level association between day's PA and craving was also not significant ( 10 = −2.86, p = 0.51). These main effects, however, were qualified by a significant respectively, the lower region fell within the observed range of person-level PA whereas the upper region fell within the observed range of person-level PA for only one participant (hence it will not be interpreted further).
The 95% confidence bands that correspond to these regions are presented in Fig. 2 . These regions convey that the effect of daylevel PA on craving is significant and negative for individuals with low levels of mean person-level PA. More specifically, individuals exhibiting low levels of PA throughout the study experienced higher levels of craving on days of low PA and lower levels of craving on days of high PA.
Associations between NA and craving
The person-level association between mean NA and craving was significant ( 02 = 51.84, p < .0001) suggesting that participants exhibiting high NA throughout the study experienced higher craving. The day-level association between day's NA and craving was also significant ( 20 = 28.62, p < .0001) suggesting that craving was increased on days when NA was higher than usual. The interaction between day-level NA and person-level NA was not significant ( 21 = 0.53, p = 0.09).
Associations between covariates and craving
No significant association emerged between craving and age ( 03 = −22.38, p = 0.28) and gender ( 04 = −203.79, p = 0.60). There was a significant, negative effect of time on craving ( 30 = −19.65, p = 0.03) such that craving decreased from the beginning to the end of the study.
Discussion
This study used EMA to measure affect and craving over a 12 day period, allowing for evaluation of the relationship between both person-levels and daily-levels of PA (positive affect) and NA (negative affect) on same day craving in a sample of prescription opiate dependent patients in the early phases of recovery. RW PODPs who reported lower person-levels of positive affect over the course of the 12 day study reported higher levels of craving, but higher craving was only reported on days when these low positive affect individuals were experiencing lower than their average levels of positive affect. This result also indicated that low positive affect days were not associated with higher cravings among RW PODPs who generally reported higher levels of positive affect. In other words, high average positive affect is protective against craving on low positive affect days. Inversely, low average positive affect appears to make RW PODPs vulnerable to low positive affect days. Thus, low positive affect in this sample was not directly linked to high cravings; rather, it created a vulnerability to especially low positive affect days in patients who generally report relatively low positive affect shortly after withdrawal from opiates. In sum, our findings supported the interactive hypothesis for positive affect (1c), but did not support the main effect hypotheses (1a and 1b) .
In contrast, our findings suggested negative affect had a more straightforward relationship to craving. Higher average levels of negative affect were linked to higher average cravings regardless of daily levels of negative affect. Similarly, high negative affect on a given day was linked to heightened daily levels of craving, unconditioned by person-level differences in negative affect. These results support the main effects hypotheses for negative affect (2a and 2b), but not the interactive hypothesis (2c).
It is important to emphasize that our models tested the independent effects of positive affect and negative affect. Thus, the main effects of negative affect accounted for the effects of positive affect on cravings. Similarly, the interactive effects of positive affect controlled for the effects of negative affect on cravings.
These results offer a key insight as to the relationship between emotion and craving early in recovery, and may be useful to clinicians in developing strategies to cope with mood swings associated with the post-withdrawal period. In addition, these findings contribute to a growing literature emphasizing the role of low positive affect as a vulnerability factor in relapse to substance abuse, and extends it to a population of prescription opiate dependent patients (e.g., Cook et al., 2004; Hatzigiakoumis et al., 2011; Janiri et al., 2005; Franken et al., 2007; Koob and Le Moal, 2001; Garfield et al., 2014; Volkow et al., 2002) . To our knowledge, this study is the first to use EMA to examine the relationship between low positive affect and craving in PODPs. The finding that low daily levels of positive affect are associated with greater same day cravings, but only for individuals with lower general levels of positive affect, provides a nuanced extension of findings from several studies that have used questionnaire measures of low positive affect in alcohol-dependent outpatients (McHugh et al., 2013) , as well as EMA studies of nicotine-dependent patients (Bujarski et al., 2015; Cook et al., 2004; Dunbar et al., 2010; Shiffman et al., 2014; Shiffman and Paty, 2006; Versace et al., 2011) ; although reports have been mixed in studies of nicotine-dependence (Shiffman et al., 2002; Shiffman and Waters, 2004) .
It is worth noting that the interfactor loading between the positive affect and negative affect factors was small and negative (−0.13). This low correlation supports the position that positive affect and negative affect are not opposite ends of the same affective continuum, but rather, represent distinct systems that may predict unique variance in substance use disorders (Cacioppo and Berntson, 1994; Cacioppo et al., 1999; Norman et al., 2011) . The finding that low positive affect, at least interactively, predicted a significant degree of variance in craving beyond that of negative affect demonstrates its relative independence, and demonstrated the added value of investigating positive affect as an independent construct, rather than as viewing it as a reciprocal of negative affect.
There are some limitations to this study. First, the data were collected from patients in a residential treatment facility; although this may also be a strength, in that the environment was relatively homogenous across participants, the average experience of RW opiate dependent individuals are likely to be different if they are not in long-term residential treatment. Second, we cannot determine if the low positive affect in this patient sample is due to an allostatic adaptation to drug use or to preexisting traits, or some combination of the two. However, regardless of its etiology, low positive affect appears to present a vulnerability to relapse through its association with increased craving. A longitudinal study that evaluated the re-regulation of positive affect could help promote a better understanding of this question. Likewise, the current EMA study does not link low positive affect to treatment outcome itself, but it does expound on the relationship between low positive affect and a known risk factor for relapse-higher craving. Hypothetically, lower gratification from natural rewards would likely lead to craving drugs of abuse, and subsequent relapse. Research such as this could contribute greatly to emerging models of relapse risk early in recovery. Linking these data to various measures of anhedonia, including both laboratory/experimental and inventory measures, would increase our understanding of both constructs. Finally, EMA methodology allows numerous ways to evaluate the relationships among the variables of interest. The current approach of using daylevel averages created highly reliable assessments of mood and craving while minimizing potential biases introduced by missing reports. Other, equally valid methods of analyzing EMA data may shed further light on the relationship between affect and craving.
This study found that, among prescription opiate dependent patients in early abstinence, those who reported relatively lower mean levels of positive affect across the study experienced heightened levels of craving on days when their positive affect was lower than their own average. This finding suggests that there may be a subset of-possibly anhedonic-patients who are particularly vulnerable to craving and relapse when they do not experience their environment as rewarding, independent of negative affect. These results highlight the need for further investigation into the role of low positive affect-in addition to stress and negative affect-among substance abusing populations, and the relationship between low positive affect and the construct of anhedonia. Further studies should examine how the association between low positive affect and craving may relate to treatment outcome in recovering prescription opiate dependent patients. Finally, it would also be important to determine if there are similar relationships between low positive affect, craving, and treatment outcome in substance use disorder patients who abuse drugs other than prescription opiates.
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